Objective To evaluate the effect of diet versus exercise intervention on weight reduction. Methods Participants were randomly divided by gender, age, and living area into four groups: group DE (diet and exercise, n = 16), group D (diet only, n = 15), group E (exercise only, n = 15), and group C (control, n = 16). This study ultimately aimed to help participants reduce their body mass index (BMI) by 7% of baseline value. Subjects were 62 residents (men and women ranging in age from 40 to 69 years) of two residential areas in Nara Prefecture, Japan, who participated in annual health checkups in 2006. BMI of the participants was C24 and \28 kg/m 2 at baseline examination. All participants agreed to undergo a 6-month intervention between January 2007 and September 2007.
Introduction
The 2006 National Health and Nutrition Survey conducted in Japan showed that 1 out of every 2 men and 5 women aged between 40 and 74 years were strongly suspected to be either experiencing or at the risk of developing metabolic syndrome [1] . Obesity is an important contributing factor of metabolic syndrome, and preventive measures are needed to counteract it. Studies conducted in China, Australia, Holland, Finland, and the USA have shown that incidence of diabetes may be lessened or prevented altogether by weight reduction through diet and exercise education [2] [3] [4] [5] [6] [7] , and meta-analysis was performed to confirm the weight-reducing effect [8] , with results suggesting that significant weight reduction could be attained with combined education about diet and exercise.
Although body mass index (BMI) of Asians is lower compared with Europeans and Americans, Asians are more likely to develop abdominal obesity, type 2 diabetes mellitus, and high blood pressure [9] . However, to date, few reports in Japan have examined the effectiveness of diet and exercise education on weight reduction among neighborhood residents with an established control group [10] [11] [12] [13] [14] .
In Japan, no research team has made comparative studies of effective weight loss intervention methods, such as with differing educational methods. These intervention procedures include combined education of diet and exercise, diet education alone, and exercise education alone.
Here, we investigated the effect of combined diet and exercise education on achieving weight loss among local Japanese residents with BMI between 24 and 28 kg/m 2 with an established control group.
Materials and methods

Cases and samples
Our study was conducted among residents of Kashiba City and Kammaki Town in Nara Prefecture, two residential areas near major cities. The subjects were men and women aged from 40 to 69 years who had received an annual health checkup in 2006 and whose BMI was from 24 to 28 kg/m 2 . They confirmed during an oral consultation that they had no history of treatment, nor were they currently being treated for diabetes, heart disease, or stroke. A total of 896 residents satisfied the above conditions (701 city residents and 195 town residents). We sent them a letter requesting their participation in our intervention study targeted at weight loss. Details were explained at an explanatory meeting, after which 80 residents agreed to give their written informed consent to participate (62 city residents and 18 town residents). However, two residents subsequently declined participation, leaving 78 residents enrolled at baseline examination. A further 15 were excluded later for failing to meet the eligibility criteria at baseline examination, and a further 1 declined participation. This study ultimately enrolled 62 subjects (47 city residents and 15 town residents). The flow of participants through the trial is shown in Fig. 1 .
Study design
Study subjects were divided into four groups after stratified random allocation by area of residence, sex, and age. The combined diet and exercise education group (group DE) included 16 participants, the diet education-only group (group D) included 15 participants, the exercise educationonly group (group E) included 15 participants, and the control group (group C) included 16 participants.
We set a 6-month intervention period. During this period, groups DE, D, and E received intervention after baseline examination, whereas participants in group C managed their weight on their own, with no intervention. Group C received health leaflets through the mail once a month (five times total). However, the leaflets were not related to weight loss, but rather concerned other health-related matters such as influenza, vegetable selection, ultraviolet (UV) radiation, and preventing food poisoning and heart attacks.
A final examination measuring the same parameters assessed at baseline was conducted 6 months after baseline examination. The effects of intervention were assessed by examining the difference in measurements taken at baseline and final examinations.
This study was conducted from January 2007 to July 2007 in Kashiba City and from March 2007 to September 2007 in Kammaki Town, Nara Prefecture, Japan.
Intervention procedure
The goal for participants assigned to receive intensive lifestyle intervention was to achieve and maintain weight reduction of at least 7% of initial BMI. The target weight reduction over 6 months was set at 7% of BMI at baseline examination, with target monthly weight reduction of 1-2 kg. Given these values, we approximated the energy which should be reduced per day to be 1046-2094 kJ. In group DE, we split this energy reduction into two parts: intake energy and expended energy. Specifically, we instructed the subjects to decrease their daily intake energy by 523-1046 kJ, and increase their daily energy expenditure by 523-1046 kJ through walking exercises. Group D was instructed to decrease their daily energy intake by 1046-2094 kJ, while group E was instructed to increase daily energy expenditure by 1046-2094 kJ through walking exercises. Registered dietitians (RDs) and health fitness programmers (HFPs) issued instructions seven times: four Environ Health Prev Med (2012) 17:332-340 333 times in the first half of the 6-month intervention period, and once a month in the second half. The duration of 2 h per contact session was set for each of group DE, group D, and group E; more specifically, group DE received 2 h of diet-and exercise-related education (1 h each), while group D received 2 h of diet education and group E received 2 h of exercise education.
Diet education
With regard to diet education, RDs initially spoke with each subject in groups DE and D individually, thereafter giving lectures to the groups as a whole. Meal improvement targets were set for each subject by the RD during the first contact session. These targets were determined by the RD after consulting with the subject and were aimed at resolving problems in dietary intake which the RDs informed them of based on the results of a food frequency questionnaire (FFQ). The FFQ was administered before the intervention, and the RDs described the subject's dietary pattern using the Japanese Food Guide Spinning Top [15] .
The subjects kept a weight diary which was used as a teaching material. During the individual session at the first meeting, the subject recorded meal targets; they were instructed to mark an ''s'' for any achieved targets and an ''9'' otherwise. Daily weight measurements were also recorded in the diary.
RDs conducted group education by giving lectures on ''balanced diet,'' ''relationship between diet and obesity,'' ''how to include vegetables in the diet,'' ''how to eat between meals,'' and ''sugar and salt.''
Exercise education
With regard to the target of the exercise group, ''the target number of walking steps to be increased'' was set by the RDs. This number was meant to be the target which each subject deemed achievable, judging from the number of Subjects were male and female residents of Kashiba City and Kammaki Town in Nara Prefecture aged 40-69 years who participated in annual health check-ups in 2006 and had a BMI 24 kg/m 2 but <28 kg/m 2 . Subjects who had undergone or were currently undergoing treatment for diabetes mellitus or heart disease were excluded.
Study participants (n=62)
Group DE
Diet + Exercise education
Intervention Self control
Final examination (at 6 months) walking steps recorded at baseline examination. The HFPs were in charge of group exercise education and gave specific instructions regarding walking, stretching, and myodynamic resistance exercises. The subjects kept a weight and walking steps diary to be used as a teaching material. They entered in the diary their exercise targets set during their individual session and marked an ''s'' if the target was achieved and an ''9'' if it was not. They also recorded their daily weight measurements and the number of steps walked as measured by a pedometer (Digi-Walker; Yamasa Tokeikeiki Co. Ltd., Tokyo, Japan).
Baseline examination
Anthropometric measurements consisted of weight, height, and abdominal circumference. Weight was measured in 100-g units, and height in millimeters. BMI was calculated by the following formula: BMI = weight (kg)/height (m) 2 . Measurements were taken by staff who had received sufficient training in measuring abdominal circumference based on the method used in the Physical Condition Assessment of the National Health and Nutrition Examination Survey (conducted by the National Institute of Health and Nutrition of Japan). They measured each subject's abdominal circumference to the nearest 0.5 cm at the level of the navel with the subject in standing position.
Biochemical blood parameters used as evaluation indices were blood glucose, hemoglobin A1c (HbA1c), albumin/globulin (A/G) ratio, total cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides. Approximately 12 ml blood was collected from an antecubital vein at least 5 h after a meal.
Blood pressure was measured twice, with the subject in seated position, using a blood pressure monitor (HM-701; ELK Corporation, Osaka, Japan). The mean of the two values was used for analysis.
Habitual energy and nutrient intake were estimated using the self-administered FFQ developed by Date et al., which includes 76 food items. The subjects recorded their intake amount and frequency for each item over the previous 1-year period. To estimate the portion size for each item, we used a life-size color food photograph collection prepared specifically for use in the FFQ. Energy and nutrient intake per day were computed using original software based on the Standard Tables of Food Composition in Japan (5th revised and enlarged edition).
Biochemical blood analyses were conducted by Japan Medical Laboratory Co. Ltd., Osaka, Japan.
Sample size
The end point for this study was BMI value after 6-month intervention. Referring to the BMI distribution obtained in the National Health and Nutrition Examination Survey conducted in Japan [16] , we estimated the mean baseline BMI to be 25.5 kg/m 2 . We assumed the drop in BMI after at least one type of intervention to be an average of 7% (BMI decrease of 1.8 kg/m 2 , standard deviation 1.5 kg/m 2 ). We also assumed no change in the control group, which did not receive any education at all. The study was designed to have 80% power to detect a 1.8 kg/m 2 difference in BMI over 6 months. Values were considered statistically significant for p \ 0.05, and a 15% dropout rate was assumed. These assumptions necessitated enrollment of at least 15 subjects per group.
Statistical analyses
Stratified randomization was carried out at Nara Women's University. The primary analysis was conducted by applying intention-to-treat methods, with baseline values carried forward for missing values. A paired t test was used to measure the effect of 6 months' intervention on anthropometric measurements, physiological measurements, results of blood chemistry tests, dietary intake, and the number of steps walked per day within each group. One-way factorial analysis of variance (ANOVA) was performed to compare groups at baseline and after intervention for variables of interest. If significant differences were noted, intervention groups were compared with the control group (as a reference group) using Dunnett's multiple comparison test. Differences between groups in baseline values were assessed by analysis of variance. SPSS (17.0) statistical analysis software (SPSS Inc., Chicago, IL, USA) was used in the present study. Values were considered statistically significant at p \ 0.05, and two-sided significance levels are quoted.
Ethical considerations
Our study plan was reviewed and approved by the Research Ethics Screening Committee of Nara Women's University. All enrolled subjects gave their written informed consent.
The subjects were assured that they were free to discontinue participation at any point if they so wished, even if they had already consented to participate in the study. Data were made anonymous to protect subjects' personal privacy.
During the 6 months following the final examination, group C received diet education to provide them with an opportunity to reduce their weight, but a new control group was not established, and thus we did not take into consideration the effect of intervention on group C. 
Results
groups. With regard to analysis of variance, no significant difference between the groups was observed. With regard to subject participation, 89% of the subjects who underwent the baseline examination participated in the final examination.
Changes in BMI at final examination compared with baseline are presented in Fig. 2 2%) . In all groups, the reduction in BMI from baseline to final examination was significant (DE, p \ 0.001; D, p \ 0.001; E, p = 0.009; C, p = 0.019). Taking into account group C's 2.2% reduction in BMI, the net weight loss effects of the intervention were 4.3% for group DE, 3.1% for group D, and 0.1% for group E. Comparing the decrease in BMI, the decreases observed in groups DE and D were significantly greater than that in group C (DE, p = 0.002; D, p = 0.041). However, the decrease in BMI observed in group E was not significant compared with that in group C (p = 1.000).
Mean values and standard deviations for anthropometric measurements physiological measurements, blood chemical tests, dietary intake, and number of steps walked per day at baseline and final examination for each group are presented in Table 2 . Mean change in body weight from baseline to final examination was as follows: group DE mean body weight decreased from 61.5 to 57.4 kg (-4.1 kg), group D mean body weight decreased from 62.4 to 58.9 kg (-3.5 kg), group E mean body weight decreased from 62.4 to 61.0 kg (-1.4 kg), and group C mean body weight decreased from 61.9 to 60.4 kg (-1.5 kg). Reduction in body weight from baseline to final examination was significant in all groups (DE, p \ 0.001; D, p \ 0.001; E, p = 0.010; C, p = 0.027; data not shown in table). Significant decrease was observed in all groups for mean abdominal circumference value at final examination compared with that at baseline. Systolic blood pressure values fell significantly in groups DE and D, but diastolic blood pressure values were significantly decreased only in group D. With regard to blood chemical tests, blood glucose values were significantly reduced only in group DE (mean decrease 0.19 mmol/l). HbA1c increased significantly in group C. With regard to A/G ratio, no significant drop was observed in any group. Serum total cholesterol was significantly reduced only in group D (mean decrease 0.3 mmol/l), while HDL cholesterol fell significantly only in groups DE and C. Serum triglyceride levels were significantly increased in group C. Comparing mean values for energy, protein, and carbohydrate intake at final examination with those at baseline in each group, a significant decrease was observed only in group D. However, no significant decrease in fat intake was observed in any group. Comparing mean values for number of walking steps at final examination with that at baseline for groups DE and E, both groups showed a significant increase (mean increase 1559 steps for group DE and 3714 steps for group E).
Discussion
In the present study, we examined the effect of lifestyle improvement on weight reduction among local residents of one city and one town in Nara Prefecture, Japan. After 6 months of intervention the mean BMI change was -6.6% among those receiving diet and exercise education, -5.3% in those receiving only diet education, -2.3% in those receiving only exercise education, and -2.2% in those in the control group. In comparison of the control group with the intervention groups, significant weight loss was observed in the diet and exercise education group (p = 0.002) and in the diet-only group (p = 0.041).
Multi-institutional research regarding whether diet or exercise education can better prevent occurrence of diabetes has been performed on glucose-tolerance-impaired patients or impaired glycemia patients in China [2] , Australia [3] , Holland [4] , Finland [5, 6] , and the USA [7] . Research conducted in the USA found that diabetes prevention was more effectively achieved by reduction of caloric intake and increase of energy expenditure than by drugs, highlighting the importance of lifestyle improvement in preventing onset of diabetes.
However, comparisons between Japan and the abovementioned countries has shown stark differences with regard to eating habits, overall physique, and race make-up, among other such characteristics, and for this reason we cannot easily deliver the same diet and exercise education to Japanese people as to peoples of other countries. Lifestyle improvement techniques adapted specifically to Japan are necessary. Combined education on diet and exercise has been suggested to be effective in preventing obesity [17] [18] [19] [20] [21] [22] , and several randomized clinical trials (RCTs) have compared the effectiveness of combined education with education on diet or exercise alone [23] [24] [25] [26] [27] [28] [29] . However, most of these studies lacked a control group and therefore were unable to provide sufficient proof of effectiveness.
Few studies in Japan have scientifically demonstrated by comparison with a control group the effect of diet education and exercise education on weight reduction targeting local residents judged to have BMI slightly higher than normal or to be slightly obese. In 2007-2008, Tanaka et al. investigated the effectiveness of intervention in improving metabolic syndrome and visceral fat [13, 14] . However, they failed to establish control groups. We established control groups and investigated the effect of intervention by comparing the effects of combined education on diet and exercise with effects of diet or exercise education only, thereby offering new information.
Persons with BMI C24 but \28 kg/m 2 were chosen as subjects in the present study. Given that persons with weights falling in the upper end of the normal range were anticipated to be at high risk of becoming obese, we chose those with BMI C24 kg/m 2 as subjects. While the World Health Organization (WHO) criterion for obesity is BMI C30 kg/m 2 , the proportion of individuals with BMI C30 kg/m 2 is lower in Japan than in Western countries. As no persons in the local area had BMI C28 kg/m 2 , we instead chose subjects with BMI \28 kg/m 2 for the present study. Given that a number of studies have reported a possible 6-month BMI of between 3% and 10%, we set a target BMI decrease of 7% by 6 months after baseline examination [19] [20] [21] [22] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . In study by the Diabetes Prevention Program Research Group as well, weight loss of 7% was targeted [7] . In the present study, 44% (n = 7/16) of subjects in group DE, 27% (n = 4/15) in group D, 13% (n = 2/15) in group E, and 13% (n = 2/16) in group C experienced BMI decrease of 7% or more. The education given to the study participants also suggested that, in addition to body weight, abdominal circumference may be reduced.
With regard to blood test values such as blood glucose, no significant change was seen in comparison of the intervention groups with the control group. Given that the blood glucose level of those in the intervention group was already relatively low before the start of the study, their blood glucose levels may not have been able to fall any further.
Further, given that the evaluation criteria assessed in the present study were derived from pre-existing BMI, blood pressure, and hematological data, no new findings were feasible. However, given the present paucity of studies in Japan assessing diet and exercise depletion, we believe the results of this present study conducted in Japan to be of great value.
We need to look at the results of this study with a little reservation for the following reasons. First, this study was targeted at local residents living in the suburbs, mainly women. We therefore cannot be sure whether the same results may be obtained among urban residents. Second, although we invited 896 residents with BMI between 24 and 28 kg/m 2 to participate in the study by posted mail, only 62 of them were ultimately enrolled. It is likely that they may have been particularly eager to receive education and improve their lifestyle. Third, exercise habits were evaluated by change in the number of walked steps. The reason we adopted walking in our exercise education is that this was a physical activity which subjects could accomplish every day with reasonable safety and without any special equipment or the aid of trainers. Only groups DE and E were fitted with pedometers, and therefore the change in the number of steps for groups D and C was not analyzed. If the level of physical activity had been analyzed using a structured questionnaire, results may have been easier to interpret. Fourth, to evaluate the quantity of energy intake, the FFQ was conducted in all subjects in this study, and their response to it might have raised their awareness of their poor dietary habits without diet education. After the intervention period, based on the results of the FFQ, we advised the subjects without diet education, though comments both oral and written, regarding how to change their diet contents.
The number of walked steps significantly increased among participants who received exercise education. However, because they did not receive any diet education, no significant change occurred in their diet intake. Overall, group E subjects had higher numbers of steps walked but a lower proportion of members achieving the target step numbers than in group DE. This seemed to be the reason why group E failed to burn the target calorie amount through walking. In addition, group E, which received no diet education, exhibited no beneficial effects from walking on weight reduction, in contrast to group DE, which did receive diet education.
Intervention with both diet and exercise education appears to be incorporated more easily and routinely among subjects and is believed to motivate the subjects more than intervention with either alone. We therefore believed that group E would show similar change in BMI to the control group.
Results from the present study showed that exerciseonly education was not effective in achieving weight reduction, at least among a group of Japanese adults with BMI[24 and B28 kg/m 2 whose average age was 62 years. Whether the same results may be found among the younger generation or those with higher BMIs, or among other racial groups, remains unclear.
